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ABSTRACT 
A combination boiler provides heated water to a boiler loop 
and domestic hot water ( DHW ) to a domestic water loop . 
The combination boiler includes a primary heat exchanger 
( PHE ) connected to the boiler loop and a burner to provide 
heat to the primary heat exchanger . A secondary heat 
exchanger ( SHE ) transfers heat energy from the boiler loop 
to the domestic water loop . A controller monitors a PHE 
inlet temperature and a DHW output temperature , obtains a 
pre - heat initialization temperature threshold and a pre - heat 
cancellation temperature threshold , and detects a low tem 
perature condition . A pre - heat operation is initiated respon 
sive to the low temperature condition by circulating heated 
water from the PHE to the SHE . The burner is selectively 
fired at least in part according to an outlet temperature of the 
PHE . 
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METHODS AND SYSTEM FOR 
CONTROLLING A COMBINATION BOILER 

[ 0001 ] A portion of the disclosure of this patent document 
contains material that is subject to copyright protection . The 
copyright owner has no objection to the reproduction of the 
patent document or the patent disclosure , as it appears in the 
U . S . Patent and Trademark Office patent file or records , but 
otherwise reserves all copyright rights whatsoever . 

5 : 00 A . M . , the pre - heat method does not help if a DHW 
demand occurs at 4 : 30 A . M . Other pre - heat methodologies 
rely on firing the boiler at specific time intervals . However , 
periodic firing does not allow for hot water circulation 
( and / or recirculation ) or low flow DHW draws . 
[ 0009 ] It would therefore be desirable for a combination 
boiler to provide pre - heat operations to reduce a time to 
reach a desired set point temperature for a DHW demand , to 
manage low flow DHW draws , and to allow hot water 
circulation / recirculation . CROSS - REFERENCES TO RELATED 

APPLICATIONS 
[ 0002 ] This application claims benefit of the following 
patent application ( s ) which is / are hereby incorporated by 
reference : None 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[ 0003 ] Not Applicable 

REFERENCE TO SEQUENCE LISTING OR 
COMPUTER PROGRAM LISTING APPENDIX 

[ 0004 ] Not Applicable 

BACKGROUND OF THE INVENTION 
[ 0005 ] The present invention relates generally to control 
ling operations of a combination boiler . More particularly , 
the present invention relates to providing a combination 
boiler control to reduce an amount of time it takes to reach 
a desired temperature for a domestic hot water ( DHW ) 
demand , to manage low DHW flow draws , and to allow hot 
water circulation ( e . g . , recirculation ) in a combination boiler 
system . 
[ 0006 ] Current combination boiler implementations expe 
rience difficulty managing the time it takes after a hot water 
draw is started to supply water at a desired temperature . 
Combination boilers might rely on a flow switch or a flow 
sensor to identify when a DHW draw has started and cause 
the boiler to fire . However , combination boiler flow switches 
typically have a minimum flow rate that can be detected . In 
cases where the required DHW flow is less than the mini 
mum setting of the flow switch , the boiler will not fire and 
there the unit will not provide heated water . Furthermore , 
when a DHW flow is less than the minimum flow switch 
setting , typically less heat output is required than the mini 
mum firing rate of the combination boiler burner . Because of 
the use of thermostatic mixing valves with combination 
boilers , it is not advisable to implement a hot water circu 
lation system where the full circulation ( and / or recircula 
tion ) flow passes through a combination boiler . This makes 
it impractical to achieve flows high enough to trigger a flow 
switch of the combination boiler . 
[ 0007 ] Providing pre - heat functionality in a combination 
boiler presents numerous challenges . One such challenge 
relates to avoiding frequent firing cycles and short run times 
for a combination boiler , which would otherwise cause 
problematic thermal cycling of the primary combustion heat 
exchanger and potentially reduce the lifecycle of the boiler . 
[ 0008 ] Current pre - heat methods used in some combina 
tion boilers and on - demand water heaters require either 
manual or dynamic scheduling . This scheduling , however , is 
only beneficial if a DHW demand occurs according to the 
schedule . For example , if a pre - heat method is scheduled at 

BRIEF SUMMARY OF THE INVENTION 
[ 0010 ] An invention as disclosed herein may solve the 
above described problems by : 
[ 0011 ] In one exemplary embodiment , provided is a com 
bination boiler for providing heated water to a boiler loop 
and domestic hot water ( DHW ) to a domestic water loop . 
The combination boiler includes a primary heat exchanger 
configured to be connected to the boiler loop and a burner 
configured to provide heat to the primary heat exchanger . 
The combination boiler further includes a secondary heat 
exchanger configured to transfer heat energy from the boiler 
loop to the domestic water loop . A controller is included as 
part of the combination boiler . The controller is configured 
to monitor a primary heat exchanger inlet temperature and a 
DHW output temperature , to obtain a pre - heat initialization 
temperature threshold and a pre - heat cancellation tempera 
ture threshold , and to detect a low temperature condition 
when at least one of the primary heat exchanger inlet 
temperature and the DHW output temperature falls below 
the pre - heat initialization temperature threshold . The con 
troller is further configured to initiate a pre - heat operation of 
the combination boiler responsive to a low temperature 
condition by circulating heated water from the primary heat 
exchanger to the secondary heat exchanger , and to end the 
pre - heat operation without firing the burner when both of the 
primary heat exchanger inlet temperature and the DHW 
output temperature exceed the pre - heat cancellation tem 
perature threshold . 
[ 0012 ] In another exemplary embodiment , a method is 
provided for controlling a combination boiler having a 
primary heat exchanger connected to a boiler loop , a burner 
configured to provide heat to the primary heat exchanger , 
and a secondary heat exchanger configured to transfer heat 
energy from the boiler loop to a domestic water loop . The 
method begins by storing heated water at the primary heat 
exchanger , obtaining a pre - heat initialization temperature 
threshold and a pre - heat cancellation temperature threshold , 
and monitoring a primary heat exchanger inlet temperature 
and a domestic hot water ( DHW ) output temperature . The 
method includes detecting at least one of the primary heat 
exchanger inlet temperature and the DHW output tempera 
ture falling below the pre - heat initialization temperature 
threshold , and initiating a pre - heat operation of the combi 
nation boiler by circulating the heated water from the 
primary heat exchanger to the secondary heat exchanger . 
The method further includes ending the pre - heat operation 
without firing the burner when both of the primary heat 
exchanger inlet temperature and the DHW output tempera 
ture exceed the pre - heat cancellation temperature threshold . 
[ 0013 ] . In a further exemplary embodiment , a method is 
provided for controlling a combination boiler having a 
primary heat exchanger connected to a boiler loop , a burner 
configured to provide heat to the primary heat exchanger , 
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[ 0031 ] FIG . 17 illustrates an exemplary timing diagram 
for an implementation where a burner of a combination 
boiler does not fire during a pre - heat operation . 
[ 0032 ] FIG . 18 illustrates an exemplary timing diagram 
for an implementation where a burner of a combination 
boiler is fired . 

and a secondary heat exchanger configured to transfer heat 
energy from the boiler loop to a domestic water loop . The 
method includes storing heated water at the primary heat 
exchanger , obtaining a pre - heat initialization temperature 
and a minimum outlet temperature threshold , and monitor 
ing a primary heat exchanger inlet temperature and a domes - 
tic hot water ( DHW ) output temperature . The method con 
tinues by detecting at least one of the primary heat 
exchanger inlet temperature and the DHW output tempera 
ture falling below the pre - heat initialization temperature 
threshold . A pre - heat operation of the combination is initi 
ated by circulating the heated water from the primary heat 
exchanger to the secondary heat exchanger . An outlet tem 
perature of the primary heat exchanger is monitored , and the 
burner is fired when the outlet temperature falls below the 
minimum outlet temperature threshold . 
[ 00141 Numerous other objects , features , and advantages 
of the present invention will be readily apparent to those 
skilled in the art upon a reading of the following disclosure 
when taken in conjunction with the accompanying drawings . 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[ 0015 ] FIG . 1 is a graphical block diagram illustrating a 
combination boiler consistent with an exemplary embodi 
ment . 
[ 0016 ] FIG . 2 illustrates an exemplary method for con 
trolling pre - heat operation of a combination boiler . 
[ 0017 ] FIG . 3 illustrates an exemplary process for oper 
ating a combination boiler according to a DHW set point 
temperature . 
[ 0018 ] FIG . 4 illustrates an exemplary process for imple 
menting a circulation time interval for a combination boiler . 
[ 0019 ] FIG . 5 illustrates a circulation process in accor 
dance with an exemplary embodiment . 
[ 0020 ] FIG . 6 illustrates an exemplary process for con 
trolling burner firing for a combination boiler . 
[ 0021 ] FIG . 7 illustrates an exemplary process for selec 
tively ending pre - heat operations of a combination boiler . 
[ 0022 ] FIG . 8 illustrates an exemplary process for provid 
ing delayed measurement corresponding to a pre - heat opera 
tion of a combination boiler . 
[ 0023 ] FIG . 9 illustrates an exemplary control process for 
diverting at least a portion of boiler loop water by the 
combination boiler . 
[ 0024 ] FIG . 10 illustrates an exemplary process for 
executing a prioritized operation during execution of a 
pre - heat operation . 
0025 ] . FIG . 11 illustrates an exemplary process for con 

trolling burner firing when a prioritized operation is 
received . 
[ 0026 ] FIG . 12 illustrates an exemplary control method for 
providing a pre - heat timer threshold value corresponding to 
a pre - heat operation . 
[ 0027 ] FIG . 13 illustrates an exemplary process for pro 
viding flow - based control for a combination boiler . 
[ 0028 ] FIG . 14 illustrates an exemplary process for pro 
viding combination boiler control and burner firing . 
[ 0029 ] FIG . 15 illustrates an exemplary burner firing con 
trol process for a combination boiler . 
[ 0030 ] FIG . 16 illustrates a chart reflecting relationships 
between temperature thresholds used in providing combi 
nation boiler control . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0033 ] Referring generally to FIGS . 1 - 18 , various exem 
plary embodiments of an invention may now be described in 
detail . Where the various figures may describe embodiments 
sharing various common elements and features with other 
embodiments , similar elements and features are given the 
same reference numerals and redundant description thereof 
may be omitted below . 
[ 0034 ] Various embodiments disclosed herein are directed 
to methods and systems for controlling a combination boiler . 
Exemplary implementations consistent with the present dis 
closure may reduce the time required to provide hot water at 
a desired water temperature by , for example , maintaining 
boiler loop water stored in a primary heat exchanger of a 
combination boiler at an elevated temperature in order to be 
able to start transferring heat immediately when a hot water 
demand is started but before the boiler can be fired . Imple 
mentations consistent with the present disclosure may also 
identify when a low flow condition associated with a DHW 
output occurs and operate an inlet pump of the combination 
boiler to initially satisfy the DHW demand using heat energy 
stored in boiler loop water at the primary heat exchanger , 
and then fire the combination boiler burner as needed to 
replenish stored heat energy . The present disclosure further 
provides advantages associated with providing hot water 
circulation / recirculation and providing thermal storage 
which may maximize cycle times and run times while still 
providing satisfactory operation . According to one aspect of 
the present disclosure , a DHW draw may be detected and 
one or more operations may be performed without the 
requirement of a DHW flow switch , and thus may resolve 
issues related to low flow DHW draws . 
( 0035 ) FIG . 1 illustrates a graphical block diagram illus 
trating a combination boiler consistent with an exemplary 
embodiment . The combination boiler 100 is configured to 
control operations associated with two water loops . The first 
loop is a boiler loop connected to the combination boiler 100 
at an input BOILER IN of the combination boiler 100 and 
an output BOILER _ OUT of the combination boiler 100 . In 
various embodiments the boiler loop may be configured to 
provide space heating or hydronic heating . The combination 
boiler 100 also includes a domestic water loop for providing 
potable water . The domestic loop connects to the combina 
tion boiler 100 at an input DOMESTIC _ IN of the combi 
nation boiler 100 and is output from the combination boiler 
100 at an output DOMESTIC _ OUT . Although described as 
a loop , it should be appreciated that the domestic loop may 
take the form of either a closed or open flow loop . For 
example , the domestic loop may include one or more 
domestic water input sections configured to input domestic 
water into the domestic water loop . 
[ 0036 ] In operation , the combination boiler 100 is config 
ured to provide heat energy from the boiler loop to the 
domestic loop in order to provide heated domestic hot water 
( DHW ) output . Boiler loop water is input to the combination 
boiler 100 at BOILER _ IN and flows toward the primary heat 

re 
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exchanger ( PHE ) inlet temperature sensor 102 . Although 
illustrated in FIG . 1 as being located within the combination 
boiler 100 , it should be appreciated that the PHE inlet 
temperature sensor 102 may be physically located either 
internally or externally to the combination boiler 100 , with 
out departing from the spirit and scope of the present 
disclosure . A detected PHE inlet temperature T1 is measured 
by the PHE inlet temperature sensor 102 . After passing the 
primary heat exchanger inlet temperature sensor 102 , boiler 
loop water flows toward an inlet pump 104 . In various 
embodiments , inlet pump 104 is configured to regulate a 
flow rate of boiler water in the boiler loop . The output of the 
inlet pump 104 ( also illustrated with reference to PHE _ IN in 
FIG . 1 ) continues to a primary heat exchanger 106 . 
[ 0037 ] Primary heat exchanger 106 may take the form of 
a shell and tube heat exchanger , a plate heat exchanger , a 
plate and shell heat exchanger , a fire - tube combustion heat 
exchanger , a water - tube combustion heat exchanger , an 
adiabatic wheel heat exchanger , a plate fin heat exchanger , 
a pillow plate heat exchanger , a fluid heat exchanger , a waste 
heat recovery heat exchanger , a dynamic scraped surface 
heat exchanger , a phase - change heat exchanger , a direct 
contact heat exchanger , a microchannel heat exchanger , or 
any other physical device capable of transferring heat energy 
to boiler loop water . Primary heat exchanger 106 may 
include a storage 107 . The storage 107 is configured in one 
exemplary embodiment to store heated boiler loop water , the 
heated water having been heated by the burner 108 . 
Although described and illustrated as a part of the primary 
heat exchanger 106 , it should be appreciated that the storage 
107 may be separate from the primary heat exchanger 106 
and may be physically located either internally or externally 
to the combination boiler 100 , without departing from the 
spirit and the scope of the present disclosure . 
[ 0038 ] The primary heat exchanger 106 includes or is 
otherwise connected to a burner 108 or other heat source 
configured to provide heat . The burner 108 is configured to 
heat water contained within the boiler loop . The burner 108 
may be configured to include an input fan 110 . Although 
described with reference to a fan , it should be appreciated 
that the input fan 110 may be replaced by a water bypass 
configured to vary an amount of heat used to vary an amount 
of heated water passed through the secondary heat 
exchanger 116 . In this exemplary embodiment , the bypass 
may be configured to be controlled ( e . g . , by the controller 
120 rather than explicitly by the input fan 110 ) . The input fan 
110 is configured to supply a fuel and air mixture to the 
burner 108 . Although the input fan 110 is described as part 
of the burner 108 in various embodiments , the input fan 110 
may optionally be physically separate from the burner 108 . 
Furthermore , at least one of the burner 108 and the input fan 
110 may be physically located internally or externally ( or a 
combination thereof ) to the combination boiler 100 . 
Although not illustrated in FIG . 1 , the combination boiler 
100 may include an energy input module configured to 
receive one or more sources of energy for use by the burner 
108 . For example , the combination boiler 100 may include 
a heating oil or natural gas input , where the heating oil or 
natural gas input is used by the burner 108 to provide heat 
energy to boiler loop water via the primary heat exchanger 
106 . Although described with reference to a burner , it should 
be appreciated that the burner 108 may take the form of one 
or more elements configured to provide heat energy to boiler 
loop water at the primary heat exchanger 106 , and may or 

may not require the use of the input fan 110 during operation 
depending upon a particular implementation . In one or more 
exemplary embodiments , a burner 108 may take the form of 
one or more heating elements configured to regulate an 
amount of heat supplied to boiler loop water or domestic 
loop water . 
[ 0039 ] Although described with respect to an input fan 
110 , it should be appreciated that one or more heat sources 
may be used to provide a heat input rate corresponding to the 
primary heat exchanger 106 . In one exemplary embodiment , 
an input fan 100 may be configured to supply a volume of 
fuel and / or air , or a mixture thereof , to the burner 108 
proportional to a given heat demand or input . In one or more 
exemplary embodiments , a fan speed as described herein 
may relate to a heat input associated with the primary heat 
exchanger 106 . Alternatively or additionally , heat input 
corresponding to the burner 108 may be provided by one or 
more heating elements ( e . g . , an electric heating element ) 
configured to be controlled by the controller 120 . In one 
exemplary embodiment , the controller 120 may be config 
ured to control one or more electric heating elements to 
provide a heat output characteristic to the one or more 
heating elements corresponding to a heating demand . Even 
further additionally or alternatively , the one or more heating 
elements are configured in one exemplary embodiment to 
supply an appropriate amount of fuel , air , heat , or other 
operational setting to the one or more heating elements ( e . g . , 
via one or more settings or pulses corresponding to an on / off 
heat source ) . An operational setting of the input fan 110 or 
one or more heating elements may be configured to corre 
spond to an input heating demand and / or input . Optionally , 
a fan speed of the input fan 110 may be configured to 
correspond to a specific heat input . 
[ 0040 ] Heated water is output from the primary heat 
exchanger 106 along output PHE _ OUT . Heated water out 
put from the primary exchanger 106 is received at PHE 
outlet temperature sensor 112 . The PHE outlet temperature 
sensor 112 is configured in one embodiment to measure a 
PHE outlet temperature T2 . Heated boiler loop water is 
received at the flow diverting valve 114 after passing the 
PHE temperature sensor 112 . The flow diverting valve 114 
is configured to provide a selected amount of heated water 
from the boiler loop to at least one of the boiler output 
BOILER OUT and the secondary heat exchanger 116 ( via 
input SHE _ IN ) . In operation , the flow diverting valve 114 
may be configured to direct all or a portion of heated boiler 
loop water from the primary heat exchanger 106 to the 
secondary heat exchanger 116 . In various embodiments the 
flow diverting valve 114 may be configured to output all 
heated boiler loop water from the primary heat exchanger 
106 via the BOILER _ OUT output of combination boiler 
100 . In one exemplary embodiment , a flow path correspond 
ing to the combination boiler 100 may be configured to 
bypass the BOILER _ OUT and BOILER IN of the combi 
nation boiler 100 . In this exemplary embodiment , one or 
more additional temperature and / or flow sensors may be 
implemented in the combination boiler 100 ( for example , 
one or more sensors may be provided corresponding to the 
SHE OUT path ) . The additional one or more sensors may be 
implemented , for example , because a temperature at PHE 
inlet temperature sensor 102 might not match the SHE _ OUT 
temperature ( e . g . , because of a potential status as a mixture 
of water , potentially at a different temperature measured 
relative to at least one of an inlet and an outlet of the 
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secondary heat exchanger 116 rather than an inlet or an 
outlet of the primary heat exchanger 106 ) . 
[ 0041 ] Secondary heat exchanger 116 is configured to 
receive domestic input water ( e . g . , potable water ) via input 
DOMESTIC _ IN . The secondary heat exchanger 116 is con 
figured to heat input domestic water by transferring heat 
energy received from the boiler loop to the domestic loop . 
Heated water output from the primary heat exchanger 106 is 
directed by the flow diverting valve 114 and through the 
secondary heat exchanger 116 . In one exemplary embodi 
ment , heated domestic hot water is output from the second 
ary heat exchanger 116 . Although described with reference 
to a PHE outlet temperature , it should be appreciated that the 
PHE outlet temperature sensor 112 may be located at an 
input section of the secondary heat exchanger 116 and may , 
in one or more embodiments , correspond to an input tem 
perature of the secondary heat exchanger 116 ( for example , 
the PHE outlet temperature sensor 112 may be located at 
least one of before or after the flow diverting valve 114 . A 
temperature of the domestic hot water output measured by a 
DHW output temperature sensor 118 in one exemplary 
embodiment . The DHW output temperature sensor 118 is 
configured to measure a domestic hot water temperature T3 . 
After passing the DHW output temperature sensor 118 , 
domestic loop heated water is output from the combination 
boiler 100 via the output DOMESTIC _ OUT . 
[ 0042 ] A controller 120 is configured to control operations 
of at least one component of the combination boiler 100 . The 
controller 120 may be configured to include or otherwise 
access one or more memory storage elements to store or 
obtain at least one parameter used by the controller 120 to 
control at least a portion of operations performed by or 
corresponding to the combination boiler 100 . 
[ 0043 ] In one exemplary embodiment the controller 120 is 
configured to control operations of at least one of the flow 
diverting valve 114 and the inlet pump 104 to cause a 
predetermined amount of heated boiler loop water to be 
diverted from the boiler loop into the secondary heat 
exchanger 116 in order to transfer heat energy to domestic 
loop water . The controller 120 may be configured to provide 
domestic hot water output at a predetermined temperature 
( e . g . , at a predetermined or user - specified set point tempera 
ture ) . Boiler loop water is output from the secondary heat 
exchanger 116 via the output SHE _ OUT after transferring at 
least a portion of its heat energy to the domestic loop water . 
In one exemplary embodiment , boiler loop water output 
from the secondary heat exchanger 116 is received at the 
boiler loop at a position before the PHE inlet temperature 
sensor 102 . Additionally or alternatively , at least a portion of 
the output boiler loop water from the secondary heat 
exchanger 116 may be received at any point of the boiler 
loop without departing from the spirit and the scope of the 
present disclosure . 
[ 0044 ] The combination boiler 100 may include a flow 
switch 119 located at an output of the secondary heat 
exchanger 116 . In one exemplary embodiment the flow 
switch 119 is located between the domestic hot water output 
temperature sensor 118 and the combination boiler DOMES 
TIC _ OUT output of the combination boiler 100 . The flow 
switch 119 may be configured to measure a DHW flow rate . 
In operation , the controller 120 may be configured to com 
pare the DHW flow rate to a DHW demand flow rate 
threshold and control operations of the combination boiler 

100 to ( i ) end a pre - heat operation , and ( ii ) fire the burner 
108 when the DHW flow rate exceeds the DHW demand 
flow rate threshold . 
[ 0045 ] The terms “ controller , " " control circuit ” and “ con 
trol circuitry ” as used herein may refer to , be embodied by 
or otherwise included within a machine , such as a general 
purpose processor , a digital signal processor ( DSP ) , an 
application specific integrated circuit ( ASIC ) , a field pro 
grammable gate array ( FPGA ) or other programmable logic 
device , discrete gate or transistor logic , discrete hardware 
components , or any combination thereof designed and pro 
grammed to perform or cause the performance of the func 
tions described herein . A general purpose processor can be 
a microprocessor , but in the alternative , the processor can be 
a microcontroller , or state machine , combinations of the 
same , or the like . A processor can also be implemented as a 
combination of computing devices , e . g . , a combination of a 
DSP and a microprocessor , a plurality of microprocessors , 
one or more microprocessors in conjunction with a DSP 
core , or any other such configuration . 
( 0046 ] The steps of a method , process , or algorithm 
described in connection with the embodiments disclosed 
herein can be embodied directly in hardware , in a software 
module executed by a processor , or in a combination of the 
two . A software module can reside in RAM memory , flash 
memory , ROM memory , EPROM memory , EEPROM 
memory , registers , hard disk , a removable disk , a CD - ROM , 
or any other form of computer - readable medium known in 
the art . An exemplary computer - readable medium can be 
coupled to the processor such that the processor can read 
information from , and write information to , the memory ! 
storage medium . In the alternative , the medium can be 
integral to the processor . 
[ 0047 ] Although described with reference to water loops , 
it should be appreciated that a combination boiler 100 in 
accordance with the present disclosure may be configured to 
heat one or more liquids via a primary fluid that may be 
directly or indirectly heated in a manner as described herein . 
For example , a combination boiler 100 may include a water 
heater providing a secondary space heating function using a 
secondary space heating function and a water heating ele 
ment implementing two or more liquid sources for function 
ality . Alternatively or additionally , one or more exemplary 
embodiments may include a water heater without a space 
heating capability ( e . g . , as a system similar to that illustrated 
by FIG . 1 , without requiring a BOILER _ OUT and / or 
BOILER _ IN connection , which may or may not include a 
different liquid to heat a loop liquid ( e . g . , as a heat pump 
water heater ) . 
10048 ] . FIG . 2 illustrates an exemplary method for con 
trolling pre - heat operation of the combination boiler 100 . 
The process 200 begins at a step 201 where a domestic hot 
water draw is initiated . In one exemplary embodiment , the 
domestic hot water draw corresponds to an output domestic 
hot water demand associated with the secondary heat 
exchanger 116 . At a step 202 the PHE inlet temperature T1 
and a DHW output temperature T3 are monitored . The 
pre - heat initialization temperature threshold ( T _ ON ) and 
pre - heat cancellation temperature threshold ( T _ OFF ) are 
obtained at a step 203 . It is determined at a step 204 whether 
a low temperature condition is detected . In one exemplary 
embodiment , a low temperature condition corresponds to at 
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least one of the PHE inlet temperature T1 or DHW output 
temperature T3 falling below the pre - heat initialization 
temperature threshold . 
10049 ) If a low temperature condition is not detected at the 
step 204 the process continues to a step 205 where the PHE 
inlet temperature T1 and DHW output temperature T3 are 
monitored , and the process returns to the step 204 . If a low 
temperature condition is detected at the step 204 process 
continues to a step 206 , where a pre - heat operation is 
initiated . It is determined at a step 207 whether both of the 
PHE inlet temperature T1 and the DHW output temperature 
T3 are greater than the pre - heat cancellation temperature 
threshold . If it is determined that both of the PHE inlet 
temperature T1 and the DHW output temperature T3 are not 
greater than the pre - heat cancellation temperature threshold , 
the process continues to a step 208 , where a pre - heat 
operation is continued and the process returns to the step 
207 . If it is determined at the step 207 that both of the PHE 
inlet temperature T1 and the DHW output temperature T3 
are greater than the pre - heat cancellation temperature thresh 
old , the process continues to a step 209 where the pre - heat 
operation is ended . 
[ 0050 ] FIG . 3 illustrates an exemplary process for oper 
ating a combination boiler according to a DHW set point 
temperature . The process 300 begins at a step 301 , where a 
DHW set point temperature is obtained . The process con 
tinues to a step 302 , where at least one of a pre - heat 
initialization temperature threshold ( T _ ON ) and the pre - heat 
cancellation temperature threshold ( T _ OFF ) are determined , 
based at least in part upon the DHW set point temperature . 
For example , at least one of the pre - heat initialization 
temperature and the pre - heat cancellation temperature 
threshold may increase or decrease with a respective 
increase or decrease in the DHW set point temperature ( e . g . , 
for a higher DHW set point temperature , the pre - heat 
initialization temperature threshold may be higher than that 
of a cooler DHW set point temperature in order for the 
combination boiler 100 to more quickly enter a pre - heat 
operation ) . At a step 303 , the combination boiler 100 is 
selectively operated based at least in part upon at least one 
of pre - heat initialization and cancellation temperature 
thresholds in the manner described herein . The process ends 
at a step 304 . 
[ 0051 ] FIG . 4 illustrates an exemplary process for imple 
menting a circulation and / or recirculation time interval for a 
combination boiler . The process 400 begins at a step 401 , 
where the combination boiler 100 initiates a pre - heat opera 
tion . The pre - heat operation concludes at step 402 . After the 
pre - heat operation has concluded , the process continues to a 
step 403 , where a circulation and / or recirculation ( herein 
referred to as circulation ) time interval is obtained . In one 
exemplary embodiment , the controller 120 is configured to 
monitor a period of time corresponding to the circulation 
time interval . The circulation time interval may include a 
periodic time period such as 30 , 45 , 60 , or 90 minutes , or 
may be a non - periodic and / or demand - driven amount of 
time . After obtaining the circulation time interval , the pro 
cess continues to a step 404 , where it is determined whether 
a timer corresponding to the circulation time interval has 
expired . If the timer has not expired , the process returns to 
the step 404 until the timer has expired . If it is determined 
at the step 404 that the timer has expired , the process 
continues to a step 405 , where a circulation operation is 
initiated . 

[ 0052 ] In accordance with one exemplary embodiment of 
the present disclosure , a circulation operation may comprise 
periodically circulating water through at least the boiler loop 
of the combination boiler 100 . Alternatively or additionally , 
a circulation operation may include circulating at least a 
portion of heated boiler loop water through the secondary 
heat exchanger 116 to transfer heat energy from the heated 
boiler loop water to domestic loop water via the secondary 
heat exchanger 116 . The controller 120 may be configured to 
adjust or manipulate an operational setting of at least one of 
the inlet pump 104 and / or the flow diverting valve 114 to 
cause at least a portion of boiler loop water to pass through 
the secondary heat exchanger 116 . After initiating the cir 
culation operation at the step 405 , the process concludes at 
a step 406 . In one exemplary embodiment , the circulation 
operation described with reference to FIG . 4 may be used to 
monitor a stored water temperature of boiler loop water , for 
example stored by storage 107 . The circulation operation 
may be performed either with or without concurrent water 
flow in the domestic water loop in various embodiments . 
[ 0053 ] FIG . 5 illustrates an exemplary circulation opera 
tion in accordance with aspects of the present disclosure . 
The process 500 begins at a step 501 , where a circulation 
operation is initiated . Either before or after initiating the 
circulation operation at the step 501 , a minimum outlet 
temperature threshold ( also described herein with reference 
to T _ FIRE ) is obtained at a step 502 . The process continues 
to a step 503 , where heated boiler loop water is output from 
the primary heat exchanger 106 . The heated boiler loop 
water output by the primary heat exchanger 106 may , in one 
exemplary embodiment , take the form of water stored at the 
storage 107 . At a step 504 , a current temperature of the 
heated boiler loop water output from the primary heat 
exchanger 106 is measured . The current temperature of the 
heated boiler loop water may be measured by the PHE outlet 
temperature sensor 112 in one embodiment . It is determined 
at a step 505 whether the current temperature of the heated 
water is less than the minimum outlet temperature threshold . 
If the current temperature is not less than the minimum 
outlet temperature threshold , the process continues to a step 
506 , where the burner 108 is not fired and the process ends 
at a step 508 . If it is determined at the step 505 that the 
current temperature is less than the minimum outlet tem 
perature threshold , the process continues to a step 507 where 
the burner 108 is selectively fired and the process then 
concludes at the step 508 . 

[ 0054 ] FIG . 6 illustrates an exemplary process for con 
trolling burner firing for a combination boiler . The process 
600 begins at step 601 , where a boiler loop flow is initiated . 
A minimum outlet temperature threshold ( T _ FIRE ) is 
obtained at a step 602 . At a step 603 , an outlet temperature 
( T2 ) of the primary heat exchanger 106 is monitored ( for 
example , by the PHE outlet temperature sensor 112 ) . It is 
determined a step 604 whether the PHE outlet temperature 
T2 is greater than the minimum outlet temperature thresh 
old . If it is determined at the step 604 that the PHE outlet 
temperature T2 is greater than the minimum outlet tempera 
ture threshold , the process returns to step 603 , where the 
PHE outlet temperature T2 is monitored . If it is determined 
at the step 604 that the outlet PHE temperature T2 is not 
greater the minimum outlet temperature threshold , the pro 
cess continues to a step 605 , where the burner 108 is 
selectively fired . The process then concludes at the step 606 . 
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[ 0055 ] FIG . 7 illustrates an exemplary process for selec - 
tively ending a pre - heat operation of a combination boiler . 
The process 700 begins at a step 701 , where a boiler loop 
flow is initiated . Either before or after initiating the boiler 
loop flow at the step 701 , a maximum outlet temperature 
threshold ( also described herein with reference to T _ END ) 
is obtained at step 702 . At a step 703 , an outlet temperature 
( T2 ) of the primary heat exchanger 106 is monitored ( for 
example , by the PHE outlet temperature sensor 112 ) . It is 
determined at a step 704 whether the PHE outlet temperature 
T2 is greater than the maximum outlet temperature thresh 
old . If it is determined that the PHE outlet temperature T2 is 
not greater than the maximum outlet temperature threshold , 
the process returns to the step 703 , where the PHE outlet 
temperature T2 continues to be monitored . If it is determined 
at the step 704 that the PHE outlet temperature T2 is greater 
than the maximum outlet temperature threshold , the process 
continues at a step 705 , where a pre - heat operation is ended 
and the controller 120 causes the burner 108 to stop firing . 
The process then concludes at the step 706 . 

[ 0056 ] FIG . 8 illustrates an exemplary process for provid 
ing delayed measurement corresponding to a pre - heat opera 
tion of a combination boiler . The process 800 begins at a step 
801 , where a boiler loop flow is initiated . Either before or 
after initiating the boiler loop flow at the step 801 , an outlet 
measurement delay period is obtained at a step 802 . At a step 
803 , a time delay corresponding to the outlet measurement 
delay period is initiated when a pre - heat operation begins . 
The controller 120 may execute a delay time period corre 
sponding to the outlet measurement delay period . It is 
determined at a step 804 whether the time delay has expired . 
If it is determined at the step 804 that the time delay has not 
expired , the process returns to the step 804 until the time 
delay has expired . If it is determined at a step 804 that the 
time delay has expired , the process continues to a step 805 , 
where an outlet temperature ( T2 ) of the primary heat 
exchanger 106 is monitored . The process then concludes at 
a step 806 . In one exemplary embodiment , the time delay 
corresponding to the outlet measurement delay period is 
implemented to allow sufficient flow through the boiler loop 
of the combination boiler 100 to permit an accurate tem 
perature reading of boiler loop water . In various embodi 
ments , a temperature of heated boiler loop water stored at 
the storage 107 may be measured by the PHE outlet tem 
perature sensor 112 . 
[ 0057 ] FIG . 9 illustrates an exemplary control process for 
diverting at least a portion of boiler loop water by the 
combination boiler . The process 900 begins at a step 901 , 
where a pre - heat condition is detected . As previously 
described , a pre - heat condition may include a low tempera 
ture condition associated with at least one of the PHE inlet 
temperature T1 or DHW output temperature T3 , relative to 
the pre - heat initialization temperature threshold T ON . 
After the pre - heat condition is detected at the step 901 , the 
process continues to a step 902 , where an estimated heat 
demand is determined . After determining an estimated heat 
demand , the controller 120 is configured , in one exemplary 
embodiment , to cause the inlet pump 104 to circulate water 
in the boiler loop at a step 903 . The process continues to a 
step 904 , where a position of the flow diverter valve 114 is 
either measured or adjusted to ensure a proper heated water 
flow rate according to the estimated heat demand . The 
process then concludes at a step 905 . 

[ 0058 ] FIG . 10 illustrates an exemplary process for pro 
viding a prioritized operation during execution of a pre - heat 
operation . The process 1000 begins at a step 1001 , where a 
pre - heat operation is initiated . After initiating the pre - heat 
operation , the process continues to a step 1002 , where it is 
determined whether a boiler command has been received . If 
it is determined at the step 1002 that a boiler command has 
not been received , the process returns to the step 1002 until 
a boiler command is received . If it is determined that the step 
1002 that a boiler command has been received , the process 
continues to a step 1003 , where it is determined whether a 
priority associated with the received boiler command is 
greater than that of the current pre - heat operation . If the 
priority of the received boiler command is less than the 
current pre - heat operation , the process continues to a step 
1004 , where at least one operation corresponding to the 
received boiler command is executed after completion of the 
pre - heat operation . The process then ends at step 1005 . 
[ 0059 ] If it is determined at the step 1003 that the priority 
of the received boiler command is greater than the current 
pre - heat operation , the process continues to a step 1006 , 
where the current pre - heat operation is interrupted . After the 
current pre - heat operation is interrupted at the step 1006 , the 
process continues to a step 1007 , where at least one priori 
tized operation corresponding to the received boiler com 
mand is executed . It is determined at a step 1008 whether the 
prioritized operation has completed . If it is determined at the 
step 1008 that the prioritized operation is not completed , the 
process returns to the step 1007 , where at least one operation 
corresponding to the boiler command is executed . If it is 
determined at the step 1008 that the prioritized operation has 
completed , the process continues to a step 1009 , where the 
interrupted pre - heat operation is resumed . The process then 
concludes at a step 1010 . 
[ 0060 ] FIG . 11 illustrates an exemplary process for con 
trolling burner firing when a prioritized operation is 
received . The process 1100 begins at a step 1101 , where a 
pre - heat operation is initiated . At a step 1102 , the pre - heat 
operation is interrupted . At least one prioritized operation 
corresponding to the received interrupt is executed at a step 
1103 . At a step 1104 , the burner 108 is fired as part of a 
prioritized operation . A time period associated with the 
prioritized operation is obtained at a step 1105 . A maximum 
outlet temperature threshold ( e . g . , maximum outlet tempera 
ture threshold T _ END ) is obtained at a step 1106 . It is 
determined at a step 1107 whether the time period associated 
with the prioritized operation has expired . If it is determined 
at the step 1107 that the time period has not expired , the 
process continues to wait until the time period has expired . 
If it is determined at the step 1107 that the time period has 
expired , the process continues to a step 1108 , where the 
interrupted pre - heat operation is resumed and the burner 108 
continues to fire . The process then continues to step 1109 , 
where it is determined whether the outlet temperature ( T2 ) 
of the primary heat exchanger 106 exceeds the maximum 
outlet temperature threshold . In one exemplary embodiment , 
the PHE outlet temperature T2 is measured by the PHE 
outlet temperature sensor 112 . If it is determined that the 
PHE outlet temperature T2 does not exceed the maximum 
outlet temperature threshold , the process returns to the step 
1109 until the PHE outlet temperature T2 exceeds the 
maximum outlet temperature threshold . If it is determined at 
the step 1109 that the PHE outlet temperature T2 exceeds the 
maximum outlet temperature threshold , the process contin 
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ues to a step 1110 , where firing the burner 108 is ended and 
the process concludes at a step 1111 . 
[ 0061 ] Although illustrated in FIG . 11 as being performed 
sequentially , the determinations made at the steps 1107 and 
1109 may be determined concurrently or in a non - cascaded 
fashion . For example , in one exemplary embodiment , the 
burner 108 may continue to fire after resuming the pre - heat 
operation until at least one of ( i ) the time period expires or 
( ii ) the outlet temperature exceeds the maximum outlet 
temperature threshold . 
[ 0062 ] FIG . 12 illustrates an exemplary control method for 
providing a pre - heat timer threshold value corresponding to 
a pre - heat operation . The process 1200 begins at a step 1201 , 
where a pre - heat operation is initiated . A pre - heat timer 
threshold value is obtained at a step 1202 . After the pre - heat 
timer threshold value is obtained , a timer associated with the 
pre - heat timer threshold value is initiated at a step 1203 . The 
timer may be configured to increase in value over time , and 
a current timer value may be compared to the pre - heat timer 
threshold value . It is determined at a step 1204 whether the 
current timer value is greater than the pre - heat timer thresh 
old value . If it is determined that the step 1204 that the timer 
value is not greater than the pre - heat timer threshold value , 
the process returns to the step 1204 until the timer value is 
greater than the pre - heat timer threshold value . If it is 
determined at the step 1204 that the timer value is greater 
than the pre - heat timer threshold value , the process contin 
ues to a step 1205 , where it is determined whether the burner 
has fired during a current pre - heat operation . If it is deter 
mined at the step 1205 that the burner has not fired during 
the current pre - heat operation , the process continues to a 
step 1206 , where the pre - heat operation is ended and the 
process concludes at a step 1207 . If it is determined at a step 
1205 that the burner has fired during a current pre - heat 
operation , the process continues to a step 1208 , where 
burner 108 continues to fire according to the current pre - heat 
operation . The process then concludes at a step 1209 . 
[ 0063 ] FIG . 13 illustrates an exemplary process for pro 
viding flow - based control for a combination boiler . The 
process 1300 begins at a step 1301 , where a DHW flow is 
initiated . The DHW flow rate is obtained from a flow switch 
( e . g . , flow switch 119 ) at a step 1302 . Additionally or 
alternatively , the DHW flow rate may be estimated based , at 
least in part , upon at least one of a DHW output temperature , 
a DHW input temperature , and an inlet temperature of the 
primary heat exchanger 106 . A DHW demand flow rate 
threshold is obtained at a step 1303 . It is determined at a step 
1304 whether the DHW flow rate exceeds the DHW demand 
flow rate threshold . If it is determined at the step 1304 that 
the DHW flow rate does not exceed the DHW demand flow 
rate threshold , the process waits until the DHW flow rate 
exceeds the DHW demand flow rate threshold . If it is 
determined at step 1304 that the DHW flow rate exceeds the 
DHW demand flow rate threshold , the process continues to 
at step 1305 , where the pre - heat operation is ended and the 
burner 108 is fired . The process then concludes at a step 
1306 . 
[ 0064 ] FIG . 14 illustrates an exemplary process for pro 
viding combination boiler control and burner firing . The 
process 1400 begins at a step 1401 , where boiler loop water 
is heated by the primary heat exchanger 106 . The process 
continues to a step 1402 , where heated water heated by the 
primary heat exchanger 106 is stored at the primary heat 
exchanger 106 . In one exemplary embodiment , at least a 

portion of the heated boiler loop water is stored at the 
storage 107 . The process continues to a step 1403 where a 
pre - heat initialization temperature threshold ( also described 
herein with reference to T _ ON ) is obtained . At a step 1404 , 
a minimum outlet temperature threshold ( also described 
herein with reference T _ FIRE ) is obtained . 
f0065 ] The PHE inlet temperature T1 and a DHW output 
temperature T3 are monitored at a step 1405 . It is determined 
at a step 1406 whether the PHE inlet temperature T1 or the 
DHW output temperature T3 is less than the pre - heat ini 
tialization temperature threshold . If it is determined at the 
step 1406 that at least one of the PHE inlet temperature T1 
or the DHW output temperature T3 is greater than the 
pre - heat initialization temperature threshold , the process 
returns to the step 1405 , where the PHE inlet temperature T1 
and the DHW output temperature T3 continue to be moni 
tored . If it is determined at the step 1406 that at least one of 
the PHE inlet temperature T1 or the DHW output tempera 
ture T3 is less than the pre - heat initialization temperature 
threshold , the process continues to a step 1407 , where a 
pre - heat operation of the combination boiler 100 is initiated . 
The process then continues to a step 1408 , where an outlet 
temperature of the primary heat exchanger 106 is monitored 
( i . e . , PHE outlet temperature T2 ) . It is determined at a step 
1409 whether the PHE outlet temperature T2 is less than the 
minimum outlet temperature threshold at a step 1409 . If it is 
determined at the step 1409 that the PHE outlet temperature 
T2 is not less than the minimum outlet temperature thresh 
old , the process returns to the step 1408 where the outlet 
temperature of the primary heat exchanger is monitored . If 
it is determined at the step 1409 that the PHE outlet 
temperature T2 is less than the minimum outlet temperature 
threshold , the process continues to a step 1410 , where the 
burner 108 is selectively fired and the pre - heat operation is 
ended . The process concludes at a step 1411 . 
[ 0066 ] FIG . 15 illustrates an exemplary burner firing con 
trol process for a combination boiler . The process 1500 
begins at a step 1501 , where the burner 108 of the combi 
nation boiler 100 is fired as part of a pre - heat operation . A 
maximum outlet temperature threshold ( also described 
herein with reference to T _ END ) is obtained at a step 1502 . 
An outlet temperature ( T2 ) of the primary heat exchanger 
106 is monitored at a step 1503 . In one exemplary embodi 
ment , the PHE outlet temperature T2 may be measured by 
the PHE outlet temperature sensor 112 . It is determined at a 
step 1504 whether the PHE outlet temperature T2 is greater 
than the maximum outlet temperature threshold . If it is 
determined at a step 1504 that the PHE outlet temperature 
T2 is not greater than the maximum outlet temperature 
threshold , the process returns to the step 1503 , where the 
PHE outlet temperature T2 continues to be monitored . If it 
is determined at the step 1504 that is PHE outlet temperature 
T2 is greater than the maximum outlet temperature thresh 
old , the process continues to a step 1505 , where the pre - heat 
operation is ended and the burner is stopped from firing . The 
process then concludes at a step 1506 . 
[ 0067 ] FIG . 16 illustrates an a chart reflecting the rela 
tionship between temperature thresholds used in providing 
combination boiler control . The X - axis of chart 1600 rep 
resents a time value and the Y - axis of the chart represents a 
temperature value . T _ OFF represents the pre - heat cancella 
tion temperature threshold corresponding to an outlet tem 
perature of the primary heat exchanger 106 ( e . g . , PHE outlet 
temperature T2 ) . T _ FIRE represents a minimum outlet tem 
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perature threshold related to an outlet temperature of the 
primary heat exchanger 106 ( e . g . , PHE outlet temperature 
T2 ) . T _ OFF _ DIFF represents an offset between the values 
ofT _ OFF and T _ FIRE , and further represents an operational 
temperature range with respect to an output of the primary 
heat exchanger 106 to allow operations of the combination 
boiler 100 without firing the burner 108 of the combination 
boiler 100 . T _ END represents a maximum outlet tempera 
ture threshold of DHW output ( e . g . , DHW output tempera - 
ture T3 ) and an inlet temperature of the primary heat 
exchanger 106 ( e . g . , PHE inlet temperature T1 ) . T _ ON 
represents a pre - heat initialization temperature threshold 
corresponding to DHW output ( e . g . , DHW output tempera 
ture T3 ) from the secondary heat exchanger 116 and the inlet 
temperature of the primary heat exchanger 106 ( e . g . , PHE 
inlet temperature T1 ) . T _ ON _ OFFSET represents an offset 
between the values of T _ END and T _ ON corresponding to 
an operational temperature range of values of both the DHW 
output temperature T3 and the PHE inlet temperature T3 , 
within which a pre - heat operation of the combination boiler 
100 is not specifically initiated or ended . 
[ 0068 ] Although illustrated in a linear and constant man 
ner , it should be appreciated by one having ordinary skill in 
the art that each of the values corresponding to T _ OFF , 
T _ OFF _ DIFF , T _ FIRE , T _ END , T _ ON _ OFFSET and 
T _ ON , may take the form of non - constant values and may 
fluctuate during operation . 
[ 0069 ] FIG . 17 illustrates an exemplary timing diagram in 
accordance with aspects of the present disclosure . Specifi 
cally , FIG . 17 illustrates a timing diagram for an implemen 
tation where a DHW output temperature drops below the 
pre - heat initialization temperature threshold , causing a pre 
heat operation of the combination boiler 100 to be per 
formed . In the implementation of FIG . 17 , heated water 
stored at the primary heat exchanger 106 is sufficient , when 
circulated through the secondary heat exchanger 116 , to 
cause the DHW output temperature demand to be satisfied 
without causing the burner 108 of the combination boiler 
100 to fire . 
[ 0070 ] As illustrated in FIG . 17 , both of the PHE inlet 
temperature T1 and the DHW output temperature T3 of the 
combination boiler 100 are within the range of the pre - heat 
initialization temperature threshold T _ ON and the maxi 
mum outlet temperature threshold T _ END at time ) . At 
timel of FIG . 17 , a DHW draw begins and the DHW output 
temperature T3 begins to decrease based , at least in part , 
upon a DHW input water temperature of the domestic loop . 
At time2 of FIG . 17 , the DHW output temperature T3 drops 
below the pre - heat initialization temperature threshold 
T _ ON and causes a pre - heat operation to be initiated at the 
combination boiler 100 . Because the PHE outlet temperature 
T2 is greater than the minimum outlet temperature threshold 
T FIRE at time2 , the controller 120 causes boiler loop water 
to be flowed from the primary heat exchanger 106 through 
the secondary heat exchanger 116 via at least one of the inlet 
pump 104 and flow diverting valve 114 . Heat energy trans 
ferred from the heated boiler loop water to water in the 
domestic loop at the secondary heat exchanger 116 causes 
the DHW output temperature T3 to increase and become 
greater than the pre - heat initialization temperature threshold 
T _ ON . 
[ 0071 ] In one exemplary embodiment , the DHW output 
temperature T3 may correspond to a predetermined or user 
specified set point temperature . In the embodiment illus 

trated by FIG . 17 , at time3 , the DHW output temperature T3 
corresponds to the set point temperature . When the DHW 
output temperature T3 reaches the set point temperature , the 
controller 120 of the combination boiler 100 may be con 
figured to modify a rate of boiler loop water flow from the 
boiler loop through the secondary heat exchanger 116 . For 
example , an amount of boiler loop water diverted from the 
boiler loop through the secondary heat exchanger 116 by the 
flow diverting valve 114 and / or inlet pump 104 may be 
slowed or stopped when the DHW output temperature T3 
reaches or approaches the set point temperature . 
[ 0072 ] In the embodiment illustrated by FIG . 17 , sufficient 
water is stored at the storage 107 of the primary heat 
exchanger 106 , such that when a pre - heat operation begins 
and heated boiler loop water is circulated from the boiler 
loop through the secondary heat exchanger 116 , the heat 
demand associated with a DHW draw is satisfied by the 
energy transfer from the circulated heated water from the 
storage 107 . At time4 of FIG . 17 , the DHW draw is ended 
and each of the PHE inlet temperature T1 , the PHE outlet 
temperature T2 , and the DHW output temperature T3 slowly 
decrease over time , for example towards an ambient tem 
perature . In this example , the pre - heat operation may end , 
for example , by the expiration of a pre - heat operation timer . 
[ 0073 ] FIG . 18 illustrates a timing diagram for an imple 
mentation where a burner 108 of the combination boiler 100 
is fired during operation . As illustrated in FIG . 18 , at timel 
the DHW output temperature T3 is below the pre - heat 
initialization temperature threshold T _ ON . As such , a pre 
heat operation of the combination boiler 100 is initiated . 
Because the PHE outlet temperature T2 is greater than the 
minimum outlet temperature threshold T _ FIRE at time , the 
burner 108 of the combination boiler 100 does not fire . The 
controller 120 of the combination boiler 100 is configured to 
circulate heated boiler loop water from the boiler loop 
through the secondary heat exchanger 116 at initiation of the 
pre - heat operation period . At timel of FIG . 18 , the PHE 
outlet temperature T2 drops below the minimum outlet 
temperature threshold T _ FIRE . Because the PHE outlet 
temperature T2 falls below the minimum outlet temperature 
threshold T _ FIRE during a pre - heat operation , the controller 
120 causes the burner 108 to fire . After the burner 108 fires , 
at time2 illustrated by FIG . 18 , the PHE outlet temperature 
T2 of the combination boiler 100 increases above the 
minimum outlet threshold T _ FIRE . 
[ 0074 ] After the burner 108 fires , and because water is 
circulating from the boiler loop through the secondary heat 
exchanger 116 during the pre - heat operation , each of the 
PHE inlet temperature T1 , the PHE outlet temperature T2 , 
and the DHW output temperature T3 increase after the 
pre - heat operation begins . At time3 of FIG . 18 , the DHW 
output temperature T3 increases above the pre - heat initial 
ization temperature threshold T _ ON . The PHE outlet tem 
perature T2 rises above the pre - heat cancellation tempera 
ture threshold T _ OFF at time4 of FIG . 18 . As such , the 
controller 120 causes the burner 108 to stop firing , and the 
PHE outlet temperature T2 decreases over time . At time5 of 
FIG . 18 , the DHW draw is stopped , and each of the PHE 
inlet temperature T1 , the PHE outlet temperature T2 , and the 
DHW output temperature T3 slowly decrease over time , for 
example towards an ambient temperature . At time5 of FIG . 
18 , the PHE outlet temperature T2 falls below the minimum 
outlet temperature threshold T _ FIRE . However , because a 
pre - heat operation has not initiated , the burner 108 is not 
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caused to fire at the time that the PHE outlet temperature T2 
falls below the minimum outlet temperature threshold 
T FIRE . 
100751 At time6 of FIG . 18 , the DHW output temperature 
T3 falls below the pre - heat initialization temperature thresh 
old T _ ON . Because at least one of the PHE inlet temperature 
T1 and the DHW output temperature T3 have fallen below 
the pre - heat initialization temperature threshold T _ ON , the 
controller 120 begins a pre - heat operation of the combina 
tion boiler 100 . At initiation of the pre - heat operation , heated 
boiler loop water is diverted and circulated through the 
secondary heat exchanger 106 via at least one of the flow 
diverted valve 114 and the inlet pump 104 . The controller 
120 is configured to control operations of at least one of the 
flow diverting valve 114 and the inlet pump 104 to cause the 
circulation of boiler loop water through the secondary heat 
exchanger 116 . After a delay period associated with the 
pre - heat operation , at time7 of FIG . 18 , the controller 120 
causes circulation of the heated boiler loop water through 
the secondary heat exchanger 116 to begin . Each of the PHE 
inlet temperature T1 , the PHE outlet temperature T2 , and the 
DHW output temperature T3 increase as the water is recir 
culated , and because the PHE outlet temperature T2 is less 
than the minimum outlet temperature threshold T _ FIRE , the 
controller 120 causes the burner 108 of the combination 
boiler 100 to fire . 
[ 0076 ] At time8 of FIG . 18 , the PHE inlet temperature T1 
rises above the maximum outlet temperature threshold 
T END . However , the pre - heat operation is not ended 
because both of the PHE inlet temperature T1 and the DHW 
output temperature T3 are required to exceed the maximum 
outlet temperature threshold T _ END for the controller 120 
to end a current pre - heat operation . Shortly after time8 of 
FIG . 18 , the PHE outlet temperature T2 exceeds the pre - heat 
cancellation temperature threshold T _ OFF , causing the con 
troller 120 to end the current pre - heat operation and stop 
firing the burner 108 . At time of FIG . 18 , both of the PHE 
inlet temperature T1 and the DHW output temperature T3 
are greater than the maximum outlet temperature threshold 
T _ END , however , the pre - heat operation has previously 
ended based on the PHE outlet temperature exceeding the 
pre - heat cancellation temperature threshold T _ OFF . 
[ 0077 ] As described herein , a combination boiler 100 may 
monitor both a PHE inlet temperature T1 and a DHW output 
temperature T3 to determine when a pre - heat call is needed . 
When a pre - heat call is active , the inlet pump 104 of the 
boiler loop may run with the flow diverting valve 114 in a 
position to cause boiler loop water to flow between the 
primary heat exchanger 106 and the secondary heat 
exchanger 116 . This enables heat energy to be transferred 
from the boiler loop to the domestic water loop as well as to 
be able to read the temperature of the water stored in the 
primary heat exchanger 106 . Once a pre - heat operation has 
started , and after a short delay ( e . g . , to ensure the tempera 
ture of the water stored in the primary heat exchanger 106 
can be read , the PHE outlet temperature sensor 112 is 
monitored to determine when the burner 108 needs to be 
fired in order to replenish the heat in the primary heat 
exchanger 106 . During a pre - heat operation , but before the 
boiler has fired , the controller 120 of the combination boiler 
100 also monitors both the DHW output temperature T3 and 
the PHE inlet temperature T1 to determine if the pre - heat 
operation can be ended before the boiler has had to fire . If 
the controller 120 determines that the burner 108 needs to 

fire for the pre - heat call , it will cause the burner 108 to ignite 
and be forced to low fire . The burner 108 may then run at 
low fire until the PHE outlet temperature T2 reaches a 
desired temperature . The PHE outlet temperature T2 may be 
monitored , for example , because this temperature represents 
a maximum possible temperature for the domestic water 
loop ( e . g . , because of heat transfer between the boiler loop 
and domestic loop ) , and has the least delay in measurement . 
[ 0078 ] A combination boiler 100 may optionally be 
equipped with a space heating temperature sensor and can 
also compare that temperature to the desired storage tem 
perature of the primary heat exchanger 106 ( e . g . , at the 
storage 107 ) and the controller 120 may change a position of 
the flow diverting valve 114 to a space heating position to 
take heat from the heating system , rather than causing the 
burner 108 to fire . 
100791 . By monitoring both the PHE inlet temperature T1 
and the DHW output temperature T3 to determine when to 
start a pre - heat call , the controller 120 is able to either 
periodically or non - periodically circulate water between the 
primary heat exchanger 106 and the secondary heat 
exchanger 116 , as needed , in order to monitor the tempera 
ture of water stored at the primary heat exchanger 106 . This 
can occur when the water at the location of the sensors has 
cooled to a certain point indicating the need to run the inlet 
pump 104 , or if some other condition has caused one or more 
of the temperatures to drop below a particular value ( e . g . , 
T _ ON ) . 
[ 0080 ] By monitoring the DHW output temperature T3 
specifically , the controller 120 is able to determine if a low 
DHW flow or circulation is present , as either would cause 
the DHW output temperature T3 to drop . In his case , the 
controller 120 may operate the inlet pump 104 and circulate 
water between the primary heat exchanger 106 and the 
secondary heat exchanger 116 , thereby starting the transfer 
of heat energy to the domestic water loop . By handling these 
calls differently from a typical DHW draw , the controller 
120 can use much less aggressive control methods to miti 
gate the risk of overshooting the desired temperature or short 
cycling the burner 108 in the event that it must fire . 
[ 0081 ] By incorporating an outlet temperature differential 
to determine when to fire the burner 108 , the run time of the 
burner 108 can be maximized thereby preventing rapid 
thermal cycling of the primary heat exchanger 106 . This 
ensures that the burner 108 will only fire when it will be able 
to gain enough heat to run for an acceptable duration . 
[ 0082 ] As described herein , systems and methods are 
provided for controlling a combination boiler . Various 
advantages are provided by implementing systems consis 
tent with the present disclosure , including increased longev 
ity of mechanical operation , decreased fuel expense , and 
decreased energy usage . 
[ 0083 ] Throughout the specification and claims , the fol 
lowing terms take at least the meanings explicitly associated 
herein , unless the context dictates otherwise . The meanings 
identified below do not necessarily limit the terms , but 
merely provide illustrative examples for the terms . The 
meaning of " a , " " an , ” and “ the ” may include plural refer 
ences , and the meaning of “ in ” may include “ in ” and “ on . ” 
The phrase " in one embodiment , " as used herein does not 
necessarily refer to the same embodiment , although it may . 
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[ 0084 ] The term “ coupled ” means at least either a direct 
connection between the connected items or an indirect 
connection through one or more passive or active interme 
diary devices . 
[ 0085 ] Conditional language used herein , such as , among 
others , “ can , ” “ might , ” “ may , ” “ e . g . , " and the like , unless 
specifically stated otherwise , or otherwise understood within 
the context as used , is generally intended to convey that 
certain embodiments include , while other embodiments do 
not include , certain features , elements and / or states . Thus , 
such conditional language is not generally intended to imply 
that features , elements and / or states are in any way required 
for one or more embodiments or that one or more embodi 
ments necessarily include logic for deciding , with or without 
author input or prompting , whether these features , elements 
and / or states are included or are to be performed in any 
particular embodiment . 
[ 0086 The previous detailed description has been pro 
vided for the purposes of illustration and description . Thus , 
although there have been described particular embodiments 
of a new and useful invention , it is not intended that such 
references be construed as limitations upon the scope of this 
invention except as set forth in the following claims . 
What is claimed is : 
1 . A combination boiler for providing heated water to a 

boiler loop and domestic hot water ( DHW ) to a domestic 
water loop , the combination boiler comprising : 

a primary heat exchanger configured to be connected to 
the boiler loop ; 

a burner configured to provide heat to the primary heat 
exchanger ; 

a secondary heat exchanger configured to transfer heat 
energy from the boiler loop to the domestic water loop ; 
and 

a controller configured to : 
monitor a primary heat exchanger inlet temperature and 

a DHW output temperature ; 
obtain a pre - heat initialization temperature threshold 

and a pre - heat cancellation temperature threshold ; 
detect a low temperature condition when at least one of 

the primary heat exchanger inlet temperature and the 
DHW output temperature falls below the pre - heat 
initialization temperature threshold ; 

initiate a pre - heat operation of the combination boiler 
responsive to the low temperature condition by cir 
culating heated water from the primary heat 
exchanger to the secondary heat exchanger ; and 

end the pre - heat operation without firing the burner 
when both of the primary heat exchanger inlet tem 
perature and the DHW output temperature exceed 
the pre - heat cancellation temperature threshold . 

2 . The combination boiler of claim 1 , wherein the con 
troller is further configured to : 

obtain a DHW set point temperature ; and 
determine at least one of the pre - heat initialization tem 
perature threshold and the pre - heat cancellation tem 
perature threshold based at least in part upon the DHW 
set point temperature . 

3 . The combination boiler of claim 1 , wherein the con 
troller is further configured to : 

obtain a circulation time interval ; and 
start a circulation operation after the pre - heat operation 

has ended and a time period corresponding to the 
circulation time interval has expired . 

4 . The combination boiler of claim 3 , wherein : 
the primary heat exchanger includes a storage capacity 

configured to store the heated water ; and 
wherein during the circulation operation , the controller is 

configured to : 
obtain a minimum outlet temperature threshold asso 

ciated with the primary heat exchanger ; 
cause the heated water to be output from the primary 

heat exchanger ; 
measure a current temperature of the heated water , and 
selectively fire the burner when the current temperature 

falls below the minimum outlet temperature thresh 
old . 

5 . The combination boiler of claim 1 , wherein the con 
troller is further configured to : 

obtain a minimum outlet temperature threshold ; 
monitor an outlet temperature of the primary heat 

exchanger ; and 
fire the burner prior to ending the pre - heat operation when 

the outlet temperature falls below the minimum outlet 
temperature threshold . 

6 . The combination boiler of claim 1 , wherein the con 
troller is further configured to : 

obtain a maximum outlet temperature threshold ; 
monitor an outlet temperature of the primary heat 

exchanger ; and 
end the pre - heat operation when the outlet temperature 

exceeds the maximum outlet temperature threshold . 
7 . The combination boiler of claim 1 , wherein the con 

troller is further configured to : 
obtain an outlet measurement delay period ; 
initiate a time delay in accordance with the outlet mea 

surement delay period when the pre - heat operation 
initiates ; and 

monitor an outlet temperature of the primary heat 
exchanger after expiration of the delay period . 

8 . The combination boiler of claim 1 , wherein the com 
bination boiler includes a pump and a flow diverter valve , 
and wherein the controller is configured such that the 
pre - heat operation is initiated by : 

determining an estimated heat demand ; 
operating the pump to circulate water in the boiler loop ; 

and 
at least one of measuring or adjusting a position of the 

flow diverter valve to ensure heated water flows from 
the primary heat exchanger to the secondary heat 
exchanger at a rate corresponding to the estimated heat 
demand . 

9 . The combination boiler of claim 1 , wherein the con 
troller is further configured to : 

receive a boiler command having a higher priority than 
the pre - heat operation while the pre - heat operation is 
being performed ; 

interrupt the pre - heat operation and perform a prioritized 
operation corresponding to the boiler command ; and 

resume the pre - heat operation after the prioritized opera 
tion has completed . 

10 . The combination boiler of claim 9 , wherein the 
controller is configured to : 

fire the burner as part of the prioritized operation ; 
obtain a time period associated with the prioritized opera 

tion ; 
obtain a maximum outlet temperature threshold ; and 
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continue to fire the burner after resuming the pre - heat 
operation until at least one of : 
( i ) the time period expires ; and 
( ii ) the outlet temperature exceeds the maximum outlet 

temperature threshold . 
11 . The combination boiler of claim 1 , wherein the 

controller is configured to obtain a pre - heat timer threshold 
value and to end the pre - heat operation after a time period 
corresponding to the pre - heat timer threshold value when the 
burner has not fired during the time period . 

12 . The combination boiler of claim 1 , further compris 
ing : 

a flow switch associated with the domestic water loop ; 
and 

wherein the controller is configured to : 
( i ) obtain a DHW flow rate from the flow switch ; 
( ii ) obtain a DHW demand flow rate threshold ; and 
( iii ) end the pre - heat operation and fire the burner when 

the DHW flow rate exceeds the DHW demand flow 
rate threshold . 

13 . The combination boiler of claim 1 , wherein the 
primary heat exchanger includes a storage capacity config 
ured to store the heated water . 

14 . A method of controlling a combination boiler , the 
combination boiler having a primary heat exchanger con 
nected to a boiler loop , a burner configured to provide heat 
to the primary heat exchanger , and a secondary heat 
exchanger configured to transfer heat energy from the boiler 
loop to a domestic water loop , the method comprising : 

( a ) storing heated water at the primary heat exchanger ; 
( b ) obtaining a pre - heat initialization temperature thresh 

old and a pre - heat cancellation temperature threshold ; 
( c ) monitoring a primary heat exchanger inlet temperature 

and a domestic hot water ( DHW ) output temperature ; 
( d ) detecting a low temperature condition when at least 

one of the primary heat exchanger inlet temperature 
and the DHW output temperature falls below the pre 
heat initialization temperature threshold ; 

( e ) initiating a pre - heat operation of the combination 
boiler responsive to the low temperature condition by 
circulating the heated water from the primary heat 
exchanger to the secondary heat exchanger ; and 

( f ) ending the pre - heat operation without firing the burner 
when both of the primary heat exchanger inlet tem 
perature and the DHW output temperature exceed the 
pre - heat cancellation temperature threshold . 

15 . The method of claim 14 , further comprising : 
obtaining a DHW set point temperature ; and 
determining at least one of the pre - heat initialization 

temperature threshold and the pre - heat cancellation 
temperature threshold based at least in part upon the 
DHW set point temperature . 

16 . The method of claim 14 , further comprising : 
obtaining a circulation time interval ; and 
starting a circulation operation after the pre - heat operation 

has ended and a time period corresponding to the 
circulation time interval has expired . 

17 . The method of claim 16 , wherein the circulation 
operation comprises : 

obtaining a minimum outlet temperature threshold asso 
ciated with the primary heat exchanger ; 

outputting the heated water from the primary heat 
exchanger ; 

measuring a current temperature of the heated water ; and 

determining a burner fire status based by comparing the 
current temperature to the minimum outlet temperature 
threshold . 

18 . The method of claim 17 , wherein the burner fire status 
corresponds to a condition not to fire the burner when the 
current temperature is greater than the minimum outlet 
temperature . 

19 . The method of claim 14 , further comprising : 
obtaining an outlet measurement delay period ; 
initiating a delay period in accordance with the outlet 
measurement delay period when the pre - heat operation 
initiates ; and 

monitoring an outlet temperature of the primary heat 
exchanger after expiration of the delay period . 

20 . The method of claim 14 , wherein the combination 
boiler includes a pump and a flow diverter valve , and 
wherein step ( e ) comprises : 

determining an estimated heat demand ; 
operating the pump to circulate water in the boiler loop ; 

and 
at least one of measuring or adjusting a position of the 

flow diverter valve to ensure heated water flows from 
the primary heat exchanger to the secondary heat 
exchanger at a rate corresponding to the estimated heat 
demand . 

21 . The method of claim 14 , further comprising : 
receiving a boiler command having a higher priority than 

the pre - heat operation while the pre - heat operation is 
performed ; 

interrupting the pre - heat operation and performing a pri 
oritized operation corresponding to the boiler com 
mand ; and 

resuming the pre - heat operation after the prioritized 
operation has completed . 

22 . A method of controlling a combination boiler , the 
combination boiler having a primary heat exchanger con 
nected to a boiler loop , a burner configured to provide heat 
to the primary heat exchanger , and a secondary heat 
exchanger configured to transfer heat energy from the boiler 
loop to a domestic water loop , the method having steps 
comprising : 

( a ) storing heated water at the primary heat exchanger ; 
( b ) obtaining a pre - heat initialization temperature thresh 

old and a minimum outlet temperature threshold ; 
( c ) monitoring a primary heat exchanger inlet temperature 

and a domestic hot water ( DHW ) output temperature ; 
( d ) detecting at least one of the primary heat exchanger 

inlet temperature and the DHW output temperature 
falling below the pre - heat initialization temperature 
threshold ; 

( e ) initiating a pre - heat operation of the combination 
boiler by circulating the heated water from the primary 
heat exchanger to the secondary heat exchanger ; 

( f ) monitoring an outlet temperature of the primary heat 
exchanger ; and 

( g ) firing the burner when the outlet temperature falls 
below the minimum outlet temperature threshold . 

23 . The method of claim 22 , further comprising : 
obtaining a maximum outlet temperature threshold ; and 
ending the pre - heat operation by stopping the burner from 

firing and stopping circulation of the heated water when 
the outlet temperature exceeds the maximum outlet 
temperature threshold . 
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24 . The method of claim 23 , further comprising : 
obtaining a circulation time interval ; and 
starting a circulation operation after the pre - heat operation 
has ended and a time period corresponding to the 
circulation time interval has expired . 

25 . The method of claim 24 , wherein the circulation 
operation comprises : 

outputting the heated water from the primary heat 
exchanger ; 

measuring a current temperature of the heated water ; and 
determining a burner fire status based by comparing the 

current temperature to the minimum outlet temperature 
threshold . 

26 . The method of claim 22 , wherein step ( f ) comprises : 
obtaining an outlet measurement delay period ; 
initiating a time delay in accordance with the outlet 
measurement delay period when the pre - heat operation 
is initiated ; and 

monitoring the outlet temperature after expiration of the 
delay period . 

27 . The method of claim 22 , wherein the combination 
boiler includes a pump and a flow diverter valve , and 
wherein step ( e ) further comprises : 

determining an estimated heat demand ; 
operating the pump to circulate water in the boiler loop ; 

and 

at least one of measuring or adjusting a position of the 
flow diverter valve to ensure heated water flows from 
the primary heat exchanger to the secondary heat 
exchanger at a rate corresponding to the estimated heat 
demand . 

28 . The method of claim 22 , further comprising : 
receiving a boiler command having a higher priority than 

the pre - heat operation while the pre - heat operation is 
being performed ; 

interrupting the pre - heat operation and performing a pri 
oritized operation corresponding to the boiler com 
mand ; and 

resuming the pre - heat operation after the prioritized 
operation is completed . 

29 . The method of claim 28 , further comprising : 
obtaining a time period associated with the prioritized 

operation ; 
obtaining a maximum outlet temperature threshold ; and 
continuing to fire the burner after resuming the pre - heat 

operation until at least one of : 
( i ) the time period expires ; and 
( ii ) the outlet temperature exceeds the maximum outlet 

temperature threshold . 
* * * * * 


